Capstone design, along with the last courses before graduation, is one of the major performance indicators of the student outcome in an undergraduate mechanical engineering program. Educational topics on the capstone course, such as the instruction content, course design, procedures, and timeline schedule, have been deliberated by engineering instructors in higher education. Meanwhile, more and more universities started to invite mentorship or advisement from industrial personnel to the capstone design classes as practical experience is also a significant factor in the engineering study. In this article, a senior design course for undergraduate mechanical engineering program is introduced. Collaboration and mentoring by industrial and business professions are offered in the course, though optional for students. As a result, the students in the same capstone course, though got the same lecture classes and follow the same design schedule, can be divided into three different groups: Group 1 worked in traditional design format, Group 2 received mentorship not only from the instructor but also from industrial professions, and Group 3 received help from a business profession. The course and project outcome of the three groups are evaluated by various assessment and results are demonstrated and discussed.
Introduction
Capstone design is usually one of the senior courses required for mechanical engineering students, 1 and the design project, which needs a complimentary knowledge of the 4-year undergraduate study, is under concern and often used as an evaluation of student outcome. Universities have explored different methods for the capstone course for the best approach. For example, Mirzamoghadam and Harding 2 gave a model of continuous improvement and emphasized the impact of iterative design on student outcome; Wilbarger and Howe 1 and Stettina et al. 3 demonstrated how group projects work for capstone design project and team collaboration and information sharing with the lead by instructor, Griffin et al. 4 discussed the influences of the group size and timeline to the project quality in a senior design class; Hotaling et al. 5 and Bannerot et al. 6 conducted quantitative analysis of multidisciplinary capstone project, etc. Meanwhile, communication skills 7, 8 and project management 9, 10 are also embedded into the capstone courses by researchers.
Another subject raised by educators is the importance of a smooth transition from academic study to practical engineering activities in the capstone project, with which the students can get better prepared for their future career after graduation. Hanna et al. 11 introduced a capstone project which can fill the gap between academic and practice, and many universities have demonstrated projects with industrial personnel or outside professional engaged with students, thus design experience in the capstone course becomes more practical. [12] [13] [14] What is more, Magleby et al. 15 raise the possibility that brings the real industrial project into academic and let students work to meet the need of industry, and discussed the selection of the industrial projects to fit the academic background and course requirement.
A capstone design course of the undergraduate program in mechanical engineering is introduced in this article. Engagement between the industrial/business professions with students is recently added to the course, and the effect of involvement by professions is evaluated by comparison between the student outcome with and without advising by professions, followed by results and discussion.
Motivation
Capstone design courses have been offered to senior students in the undergraduate mechanical engineering program for years, and a course of ''Engineering Design I'' with three credits is in a four-month (16 weeks) schedule and the class has two parts. One part is the lecture courses by the instructor. An overview of mechanical engineering background knowledge is presented, including machine design, failure prevention, materials selection, manufacturing processes, and safety and environmental issues in design. Topics related to project management and team works are also discussed in the lecture classes. In this way, the instructor helps students warmed up with the necessary background knowledge and get well prepared with capstone design. The other part of the course is the capstone project in teams. Each student brings a project idea to class, and the whole class and instructor evaluate the feasibility and practicability of the ideas thus select the best several, followed by the team selection with students own will. Most common topics of the senior design are either classical devices from textbooks, such as automobile transmission, or portable devices in daily life, such as a human-powered vehicle or robotic devices. Students complete the embodiment and detail design, numerical simulation, build a simple prototype of their product, and submit a detailed manufacturing and testing plan. The manufacturing and testing of the capstone design product will be completed in the following semester in a course entitled ''Engineering Design II.''
The department continuously aims at increasing the student outcome and demanding to implant more practical experience to the capstone course, thus help the student better prepared for their further career in the mechanical engineering industry. Recently, members of the industrial advisory board for the mechanical engineering program have shown their concern on applied skills of students and some of the local companies offered design ideas with practical application on their produce line. Students in the capstone course can adopt the ideas from those companies, and receive mentorship from the industrial professions. For example, designing a new assembly machine with higher efficiency can be part of a company's strategic plan, and also a good fit for students' capstone project. What's more, some of the students in the capstone course raise the possibility of putting their design into an innovative product, thus Entrepreneur-in-Residence in the university has offered the mentorship for patent research and activities of marketing and design. Consequently, the capstone course is improved and has a new format. Both the industrial and business professions have involved into the course, though their mentorship is optional for students. All the senior design projects are still supervised by the instructor, but some of them receive assistance from industrial or business professions. Meanwhile, for those students prefer to keep their capstone design within academic, they can stay with the traditional type of senior design course, say, only receive mentorship from the course instructor.
To evaluate the effectiveness of the involvement of industrial and business professions, student outcome with and without industrial/business mentorship are measured and compared. A detailed demonstration of the result data and discussion will be shown in the following sections.
Course information
A course entitled ''Engineering Design I'' is offered to senior students in mechanical engineering, covering topics of product design concept generation, embodiment and detail design, materials selection, cost and safety issues, manufacture, test, performance evaluation, and project management. Along with the instructor's lecture about the above topics, students complete their capstone projects from concept to design, numerical simulation and analysis, build a simple prototype, and submit a detailed plan for manufacturing and test plan to be conducted in the next semester. The capstone course lasts for 4 months (16 weeks). The instructor meets students twice a week in lecture and holds extra meetings with each team in a feasible schedule.
A timeline of the capstone course is shown in Figure 1 . Along the 16-week lecture courses, students' understanding of the lecture contents and ability to solve engineering problems are evaluated by four assessments in the format of quiz or exam. Questions in the assessment cover topics introduced by the instructor during class, including listing, calculation, and short answer. For the capstone design, students present their individual ideas to class in the third week. A brainstorm discussion is conducted to stimulate more interesting ideas or useful product functions. In the fifth week, more mature ideas of the products are brought to class, and the students present any modification or improvement of each of their work. At the same time, the instructor announces and explains project ideas offered by the local industry. The whole class and instructor rate the best several ideas, and form teams for each project. With fully respecting to students own wills of team member selection, the instructor helps to control the number of students in each team is no more than four.
Starting from the sixth week, students begin work on their project in teams. For those students choose project offered by the local industry, the instructor finds extra time outside the class schedule and accompany the students to the facility of local businesses and meet with the industrial profession who proposed the project. Also, for those students work on their own ideas, the willingness and possibility of the product commercialization are discussed, and support from the Entrepreneur-in-Residence in the university is available since the sixth week. Therefore, students in the capstone course can be divided into three types of groups: Group 1 is student teams in traditional senior design who stays inside academic environment and only receives advising from the instructor, Group 2 is teams working on practical project and receives advising from both the instructor and the industrial professions from local companies, and Group 3 is teams have plan on product invention and receives advising from the instructor as well as help from business profession on innovative design and marketing. The distribution of three groups in percentage among the whole class is shown in Figure 2 . Figure 1 . Timeline of capstone course.
Along the 16-week schedule in the semester, each team present their work periodically and discuss the project with the instructor and lab technicians at the university. Detailed guidelines are provided for the project proposal, interim report #1, and interim report #2. Students include the market analysis, function, quality, and feasible concepts of the project in the project proposal. Embodiment and detail design with all the engineering drawings are required in the interim report #1, and all the simulation, manufacturing, and testing plan in the interim report #2. Hard copies of each are collected by the instructor in the 7th, 10th, and 13th week, respectively. Instructor grades the work and gives feedback to students in a timely manner. For students choose to work with industrial or business professions, extra meetings may be scheduled at the local companies or in the university. The final report is a complimentary one due in Week 15; it consists all the sections in the previous reports, but modified and improved.
Assessment methods
Two types of assessment are designed in this course. One is on course materials and aims to evaluate students' ability to solve engineering problems and apply knowledge of mathematics, science, and engineering, and analyze and interpret data, which are based on the ABET accreditation 16 need for students outcome in mechanical engineering. Quizzes and exams are used for the assessment, and questions are highly related to the topics discussed by the instructor in the classroom. For example, the instructor talked about the detail design and material selection in class, thus the exam consists questions such as ''find the minimum gap and tolerate of an assembly,'' ''what is the materials efficiency coefficient in a performance matrix of a flywheel,'' etc.
The other assessment is to evaluate students' ability to design a system, component, or process, communicate and teamwork skills. 16 The assessment is to measure the quality of the capstone project and is an integrated consideration of the project proposal, two interim reports, and the final complimentary report.
Results and discussion
Evaluations on the two types of assessments are recorded for all the three groups of students, as shown in Table 1 . All the evaluation are in 0 to 100 scales, where 100 means the student has met all the requirement and achieved 100% correct answers to the problems, thus receive a grade of 100 out of 100, and 75 means student received a grade of 75 out of 100. The course materials assessment tests basic knowledge of mechanical engineering presented in the lecture class, while the project assessment is an evaluation of teamwork on the project. The two types of assessment can be considered independent from each other, though some contents, for example, stress analysis of a part, may be technically related. The mean grades of the three groups of students have shown that the two types of assessment are about the same level, though different among groups and individual assessment. All the quizzes and exams in the course materials assessment are individual tests, while the project assessments are graded for teams thus students working on the same project received similar grades, which explained why the standard deviation in the project assessment are lower than those from course materials assessment. Figure 3 shows the comparison of the three groups of students by using the mean value of course materials assessment. The four attempts are conducted on the 4th, 8th, 12th, and 16th week, respectively. Group 1 students who are in the teams with regular capstone class and Group 3 students who have business profession involved have assessment results very similar to each other, and both of the curves are about level because the four tests are on different topics. Meanwhile, for Group 2, students advised by industrial professions have shown a different tendency to others. The first assessment shows similar results with other groups, but a significant increase happens in the second assessment, which is 2 weeks after the industrial professions involved in their project. Engagement with industrial environment and personnel acts as a stimulator to the student outcome, make students pay more attention to the course and the exams, though the course materials are not directly related to the project. However, test grades of the same group of students fall in the third assessment, and the students received lower grades in the third and fourth assessments than the other two groups in general. This is caused by the frequent meeting schedule with industrial personnel. Students work with the local company have weekly meetings with the industrial profession in hours at a driving distance from campus, which make students have less energy and time to the course materials. The time issue increased along semester and has a negative effect on the student outcome on course materials assessment. Project report assessment is also graded on a scale of 0 to 100, and the results are shown in Figure 4 . All the project follow iteration design processes, and the project proposal, interim #1, interim #2, and the final report are continuously improved with the feedback from instructor and professions. In this way, all the three groups show an increasing tendency on the project report assessment. The assessment curves for the Group 1 regular capstone class and Group 3 teams with business profession involved have little difference. The students mentored by the industrial professions, Group 2, on the other hand, show low grades at the starting point, but surpass the other two groups at the interim #2 report, and stay high on the final report. This result again can be explained by the schedule issue with the local company. As the team work need non-disclosure agreement processing and meeting coordinated with the industrial professions, the projects are late started and need more time to get on the right track. However, once all the communications are completed and a regular meeting schedule is setup, projects progress accelerated. The final report grades of the teams with industrial professions involved have an average of 95, which is 5.6% higher than other groups who work without any mentorship from industrial professions.
Conclusion
Engagement to industrial and business professions are offered as an optional choice for students in the capstone course and the results have shown that industrial professions have a positive impact on student outcome. Although the scheduling problem with industrial personnel caused difficulty in the capstone project and brings a temporally negative effect, the project report assessment has shown that Group 2 students, who are advised by both the instructor and industrial professions have reached better outcomes than the other two groups at the end of the semester. Group 1 students in regular capstone class and Group 3 students with business profession involved have no significant differences from each other in the project report assessment. Meanwhile, student outcome by the course material assessment has shown that Group 2 students' outcome increased after industrial professions involved in their project work because the technical advisement stimulated student's motivation of learning and in-class performance. Groups 1 and 3 students haven't received noticeable influences on student outcomes by course material assessment.
The article is based on the data in a university located in a city that has a considerable number of local companies, which make the involvement of industrial professions feasible. Mechanical engineering programs in other academic situation or physical locations may not find the same effectiveness of the profession engagement to student outcome.
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